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An updated double-precision computer program has been developed to deter-
mine the trajectory of a spacecraft telemetry signal raypath relative to the sun.
Using trajectory information available on DPTRA] save tapes, the program
efficiently and accurately computes the desired raypath trajectory and delivers
the results in the form of plots, punched cards, and a tabular listing.

l. Introduction

When a spacecraft undergoes a superior conjunction
with respect to some body (e.g., the sun or a planet), the
signal carrier is affected. In order to predict the occur-
rence and magnitude of these effects, and to utilize the
potential information they may provide, it is essential to
determine the trajectory of the signal raypath with
respect to the conjunction body. This trajectory informa-
tion was formerly computed by the program CTS 41
(Ref. 1, pp. 16-19). However, since the program was
originally written in 1968, the output of the DPTRA]J pro-
gram has been expanded to provide data that can be
used more efficiently and accurately than is done in
CTS 41. Hence, an updated double-precision program,
CTS 41B, has been developed.

While the program presented here is specifically de-
signed for solar conjunctions, it could, with slight modi-
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fication, be applied to planetary conjunctions as well. It
has been shown theoretically (Ref. 1, p. 12) that the
deviation of an S-band signal trajectory from the geo-
metrical line of sight due to refractive effects in the solar
corona is negligible, and experimental observations dur-
ing previous solar conjunctions have verified that no large
refractive effects occur. Hence, no attempt to compensate
for refraction has been included, and it should be explic-
itly understood that CTS 41B refers to the geometrical
line of sight rather than the actual signal raypath.

il. Input

The basic input data are obtained in the form of a save
tape from the DPTRA]J program, which provides the most
accurate possible trajectory and ephemeris information.
A save tape is generated by initiating a DPTRAJ run in
which the user specifies the data frequency and any
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conjunction bodies that are desired. The geocentric and
heliocentric blocks of data are automatically provided for
every DPTRAJ run. For solar conjunctions, the only data
required are the Earth-probe range and the Earth—sun
range from the geocentric coordinate block and the
coordinates of the probe in the heliocentric coordinate
block, typically at one-day intervals.

A. Coordinates and Equations

The basic coordinate system to be used is the helio-
centric system, defined as follows:

FaN
X = direction from sun to Earth

al
Z = normal to ecliptic, positive to north

Then the X-Y plane is the ecliptic plane, and the coordi-
nates of Earth and the probe are

Earth = (X;,0,0)
prObe = (X[’,YP,ZP)

where
X, = Earth-sun range

(X»,Yp,Zp) = coordinates of probe in the heliocentric
block

The geometry is illustrated in Fig. 1. Point A (0,Y ,Z.,)
is the point of intersection of the line of sight with the
Y-Z plane. In looking from Earth toward the sun, the
apparent position of the spacecraft is given by the coordi-
nates of point A. However, the point of closest approach
of the signal raypath to the sun is point B (X;,Y5,Z5),
and the raypath offset from the sun is the distance

X% + Y% + Z3 from the sun to point B. In most con-
junction experiments, the sun~Earth-probe angle (SEP)
will be so small that points A and B virtually coincide.,

The coordinates of point A can be computed very
simply from similar triangles. In the X-Y plane, we thus
obtain

X
Yo=Yy —s
5 r

while in the X-Z pléne, we find

Xy
e lry—x
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The raypath offset R can also be obtained from similar
triangles in the sun—~Earth probe plane, where

Xe VY2 + 273
R—-—
R,
where Ry is the Earth-probe range and is given in the
block of geocentric coordinates on the DPTRA]J save tape.

Other quantities of interest include the distance from
Earth to the point of closest approach Rz and the dis-
tance from the probe to the point of closest approach Ry,
These distances are

Rin = XF) — R?
RRP - RI‘ - RE‘R

A complete listing of the program is provided in the
Appendix.

The symbols used for variables in this description
correspond to the binary-coded decimal (BCD) header
record names on the DPTRA]J save tape as follows:

Ry ~ REARPR, geocentric block, record 12
Xr ~ REARSU, geocentric block, record 15
X, ~ XSCSEL, heliocentric block, record 28
Y, ~ YSCSEL, heliocentric block, record 29
Zp ~ ZSCSEL, heliocentric block, record 30

B. Output

The values of Y., Z,, R, Rgs, and Ry as functions of
time are listed in tabular form on the printout at the same
frequency as the original DPTRA] save tape data. In the
solar version of the program, the apparent angle between
the solar equatorial plane and the ecliptic plane, as seen
from Earth, PHIEQ, is also tabulated as a function of
time in order to facilitate correlations with standard
observations of solar phenomena.

A plot of the coordinates (Y, Z,) shows the trajectory
of the line of sight relative to the sun. Figure 2 is an
example for the superior conjunction of Mariner 10 in
1974. The trajectory points are plotted at one-day inter-
vals and in units of solar radii. They may be identified by
referring to the dates of the first and last points (i.e., day
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number 146 to 174), which are listed to the lower left of A plot of R as a function of time (Fig. 3) shows how the
the plot, or by referring to the tabular listing of (Y.,, Z,) as raypath offset varies through the conjunction. The values
functions of time. The program automatically supplies  of Y, Z,, and R as functions of time are also punched on
three such plots to provide a range of scale and resolution.  cards.

Reference
1. Stelzried, C. T., A Faraday Rotation Measurement of a 13-cm Signal in the

Solar Corona, Technical Report 32-1401, Jet Propulsion Laboratory, Pasadena,
Calif., July 15, 1970.
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Fig. 1. Diagram of the sun-Earth-probe geometry showing the
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Fig. 2. Mariner 10 probe raypath trajectory shown with incre-
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Fig. 3. Mariner 10 probe raypath offset vs 1974 day of year
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Appendix

Spacecraft Signal Raypath Trajectory Computer Program,
CTS 41B Listing
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